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Description 

Fleid of the invention 



i [0001] The present invention discloses a novel microbial species of Tolypocladium and a process for producing 
cyclosporins, especially cyclosporin A. by aerobic fermentation of a strain of this species. 

Description of the prior art 

10 [0002] Cyclosporins are neutral, highly lipophilic, cyclic undecapeptides with a variable amino acid composition. At 
present 25 different forms of cyclosporin (A-2) are known. The A-form has proved to be clinically the most valuable 
( fteh66ek and Dexiu. Process Biochem. 1 991 . 26. 1 57-1 66). , w o ♦^, ««h 

0003] Originally, cyclosporin was isolated in the 1 970's from the fungal strains Cylmdrocarpon iuadum Booth and 
Tolypocladium inflatum Gams, which had been isolated from soil samples from USA and Norway. The production strain 

15 Of Tolypocladium inflatum (NRRL 8044. ATCC 34921) was at first identified to be the strain Tnchoderma polysporum 
(Link ex Pers) Rifai. The said strain and the antibiotic substances produced thereby are disclosed, for instance, in the 
Fl patent 54606. The growth conditions and the taxonomy of the strain are reported also in the article Dreyfuss et al„ 

Eur. J. Appl. Microbiol.. 1976. 3, 125. . . ^. . ^ ■ .u ♦««4 

[0004] The above mentioned strain Cylindrocarpon lucidum Booth (NRRL 5760) is disclosed in the Fl patent 

20 52851 Other microbial strains producing cyclosporins found in the literature include, for instance, the lolypocladjum 
inflatum strain SF 136 disclosed in the DD patent 298276 producing at least cyclosporin A. and the Tolypocladium 
varium disclosed in the GB patent application No. 2 227 489 producing, a.o. the mixture of cyclosporins A. B and C. In 
the JP application 826 3093 A2. two strains of Fusarium are disclosed which are mentioned as cyclosporin producing. 
[0005] In their review article Isaac et aJ, (Antimicr. Agents Chemoter., 1990. 34. 121-127) compare the cyclosporin 

S5 production Of some known Strains Of To/>poc/arf/i;m. « on 

[0006] The cyclosporin A was originally discovered as an antifungal antibiotic conpound. Its excellent effect as an 
immunosuppressive was discovered only later (Borel etal.. Immunology. 1977. 32. 1017). Thus cyclosporin is currentiy 
used in the post-operative treatment of transplantation operations, and it is almost the only medicine for this purpose. 
This has been reported for the first time in connection with kidney (Calne. Uncet. 1978. 2. 1323) and bone marrow 

30 transplantations (Powles. Lancet. 1978. 2. 1327). In addition to transplantation operations, cyclosporin can be used in 
the ti-eatment of various autoimmune diseases, such as e.g. rheumatism and psonasis. 

[0007] The production processes of cyclosporin A by the microbial strains disclosed in the literature have in some 
cases problems witfi low yields and long fermentation times. Even if a high yield has been obtained, the relative amount 
of cyclosporin A has often been small. It has also been shown that the lower yielding strains produce relatively high 
35 amounts of cyclosporin A. (De-xiu etal.. Folia Microbiol.. 1991. 35(6) 549-556). 

Description of the invention 

[0008] Our intention was to find a production strain which would give a maximum yield within a short fermentation 
40 time and under economical conditions- . . ^ . ^ -r, i ^ 

[0009] While screening for possible production strains, an extremely rapid-yielding strain of Tolypocladium was 
found which produces considerable amounts of cyclosporin A and relatively small amounts of other forms of 
cyclosporin, tiius allowing for an easier purification of cyclosporin A. The said strain has been isolated from a soil sam- 
ple originating in Russia, dose to Moscow. , , 
45 [001 0] When the strain discovered was examined in Holland by Dr. W. Gams (Centraalbureau voor Schimmelcul- 
tures Baam Holland), ttie microbe proved to be a representative of a novel spedes of Tolypocladium. The strain was 
given the code Tolypocladium sp. LeA3. and the strain has been deposited according to the Budapest Treaty at^e 
depository Centraalbureau voor Schimmelcultures, Holland on December 7, 1992. with the deposition number CBS 
630 92 

50 [0011] ' Thus the invention relates to a novel species of Tolypocladium which gives high yields rapidly, and to its use 
In tine production of the clinically important cydosporin A. « . , 

[00121 The genus Tolypocladium was first disdosed by W. Gams in the year 1971 (W. Gams. Persoonia. 1971 . vol. 
6 part 2 185-191) Three spedes of Tolypocladium, T. inflatum, T geodes an6 T cylindrospomm, are studied in the 
publication. Typically, the spedes of Tolypocladium are slow in growth, they form white, flocky colonies and a large 

55 amount Of Spores. x t^^.^ 

[0013] The strain Tolypocladium sp. LeA3 according to the present invention was compared to the above men- 
tioned spedes. and it dearly differed from them by having a weaker spore-forming ability, swollen cell chains, and 
darker colonies having tendency to form brownish-grey pigment in reverse. Consequently, the said strain of 
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Tolypocladium was dassffied as a representative of a new species of Tolypocladium. 

[0014] The strain Tolypocladium sp. LeA3 according to the invention can be described as follows: A seven-day-old 
colony on a malt extract/yeast extract plate has a diameter of about 1 0 mm and is covered by a greyish mycelium which 
contains few spores. Irregular conidia and swollen cell chains are typical to the strain. As a difference to Tolypocladium 
inf latum, the strain according to the invention does not use raffinose. but is able to use galactose. The growth properties 
of the strain Tolypocladium sp. LeA3 compared to the properties of Tolypocladium inflatum and Cylindrocarpon lucidum 
are summarized in the Table I. 



Table I 

The use of carbon sources of the micro- 
bial strains 





Strain 


Carbon source 


25 A 


51 


52 


Glucose 


+ 


+ 


+ 


Glycerol 




+ 


+ 


2KG 


+ 


+ 


+ 


L-arabinose 


+ 


+ 


+ 


D-xylose 


+ 


+ 


+ 


Adonitol 


+ 


+ 




Xylitol 


+ 


+ 




Galactose 


+ 




+ 


inositol 


+ 


+ 


+ 


Sorbitol 


+ 


+ 


+ 


fVlDG 






+ 


NAG 


+ 


+ 


+ 


Cellobiose 


+ 


+ 


+ 


Lactose 






+ 


Maltose 


+ 




+ 


Sucrose 


+ 


+ 


+ 


Trehalose 


+ 


+ 


+ 


MeLeZitose 


+ 


+ 


+ 


Raffinose 




+ 


+ 



45 [0015] Abbreviations used: 

2KG « 2-keto-D-gluconate. MDG = a-methyl-D-glucoside. NAG = N-acetyl-D-glucosamine 
[001 6] The cultivation time was 4 d. 

50 

25 A = Tolypocladium sp. LeA3 (CBS 630.92) 

51 ~ Tolypocladium inflatum Ganr^ {ATCC 34921) 

52 = Cylindrocarpon lucidum Booth 

55 [001 7] In the process according to the present invention, for the production of cyclosporins, especially cyclosporin 
A, a strain of the novel Tolypocladium species, Tolypocladium sp. LeAS deposited by the Centraalbureau voor Schim- 
melcultures under the accession number CBS 630.92. is cultivated at a temperature of 20-30*'C in a growth medium, 
which contains carbon sources, nitrogen sources and mineral salts, and the resulting cyclosporins are isolated and puri- 
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fled. 



Description of preferred embodiments 

[0018] in the process according to the invention the stain Tolypocladiuw sp. LeA3 (CBS 630 92) is "sed ]he strain 
s especially preferable for the purposes of the Invention, since it P^"^^^''f^'^'"'^'.'^^^°Z^^^^n Z 
a few days of cultivation. Besides, it produces a proportionally large amount of cyclosporn^ A. Although the s^sunpro 
duces also other forms of cyclosporin (B. C, D and G). the amount of these is ^^'lf^'^>';°"«;?^^" *^f^f ^ % 
the known stains (see Isaac etal.. supra). The stain produces the C-form only io %^the B^form 4 % and the D and Q 
forms together 2 %. This is the case in spite of the fact that the production of the A-form is high, even 1 .5 gfl. 
[001 91 The above mentioned stain according to the invention is advantageous also rn that it grows rapidly and in 
very conventional growth media The stain is able to use, for instance, glucose, sucrose, arabinose. 'Viose ^ndgatec- 
tose (see Table I) as carbon sources, as well as several both organic and inorganic nitrogen sources, such as peptone. 

\^oT' T^nT^TZZ usuany contain mineral salts, such as magnesium sulphate or 

{S^T"" P^^eX-c^S priced molasses can be used as a carbon source and soya mea, as a r^trogen 

tomzt' in a preferred process according to the invention, a spore and mycelium inoculum « inooilated >»t°^^ 
cultivation medium, which inoculum has been obtained by suspending In water a culture «^'«=^«' X*tt^r« 
Tolypocladium sp. LeA3. The culture is precultivaled for 2-4 days and the producton medium is inoculated w^h^e pre- 
cSon broth The actual cultivaton is performed at a temperature of about 20 to about 30^C, Pferably 25-30^, 
particulariy at 2S«C for 5 - 7 days (i.e. 120 to 168 hours), maintaining the pH of the culture between 3 and 8. preferably 
between 4 and 7 by adding 1 M NaOH or 1 M HQ. H necessary. ^. _ 

[oS aerobic cmditions are maintained by aerating for exanple 1 vol/min (a volume of a,r corresponding to 

that of the culture per minute), and the culture is stirred at the rate of 200 - 350 rpm ^ ..h,„,.,=»~, 

00241 During ttie fermeiitation the amounts of cyclosporin are monitored with high performance liqu|d chromatog- 
aphy (HPLC). as for instance Isaac ef al. (supra) have described. The fermentation is continued unW a n^rmim 
amourtt of cyclosporins has been formed. The strain according to the inventon produces cyclosporin A up to 1S00 mgfl 
within six days, the relative proportion of cyclosporin A being up to 84%. ^ ■• _ 

raW51 Te mixture of .^cl^orin forms can be isolated and purified by conventional methods The mycelium .s 
separated from the culture broth either by filtration or centrifugation. The cyclosporins are «dtracted frorn nvoehum 
wim a lower alkanol. for example methanol, ethanol or isopropanol. preferat>ly methanol. The 
and reextracted with a water-insoluble organic solvent, for example butyl or ethyl acetate, preferably ethyl achate. The 
evaporation residue of the extract obtained is dissolved in a suitable organic ^'>'^J°' 
cyctosporin A is separated with column chromatography, for example in a silica gel column. The fractions '"-"a j^e 
SS^cydosporin A are analyzed by means of thin layer chromatography, the fractions are concentrated and 
cyclosporin A is recrystallized from a suitable solvent or a mixture of solvents, for example elher-h«ane. 
[0026] Rnally. the product obtained is characterized, for example, by determining its melting point and optical rota- 
tion. 

[0027] The following examples illustrate the invention further. 
Example 1 

[00281 A spore and mycelium inoculum was made from a slope of Tolypocladium sp. LeA3 (CBS 630 92) l^sus- 
pending the aSure in 5 rri of sterile water. 1 ml of this suspension was used to inoculate 50 ml of the nutnent medium 
(El) in a 250 ml erienmeyer flask. 

[0029] The composition of the precultivation medium El 



so 



55 



glucose 


30 g 


soya meal 


15g 


potassium dihydrogen phosphate 


ig 


magnesium sulphate 


0.5 g 
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(continued) 




ammonium sulphate 


5g 




ad 1 1 



[0030] The mixture was sterilized for 20 min at 1 21 "C. 

[0031] The culture was incubated at 25 ''C on a shaker (340 rpm) for 2 d after which the precultivation btroth (50 ml) 
was transferred in sterile conditions into 5 I of the production medium (T1) in a 1 0 1 fermentor. 
[0032] The composition of the production medium T1 



nrv>lasses 


150 g 


soya meal 


17g 


ammonium sulphate 


5g 


potassium dihydrogen phosphate 


ig 


magnesium sulphate 


0.5 g 


H2O 


ad 1 1 



[0033] The mixture was sterilized for 20 min at 121 ^C. 

[0034] The cultivation was performed at 25 "C, aeration 1 vol/min, stimng rate 200 rpm. TTie amounts of cyclosporin 
25 in the cultivation medium were monitored throughout the cultivation with HPLC (Isaac ei ai, supra). The fermentation 
was continued for 6 days (144 hours), whereupon the concentration of cyclosporin A was 1500 mg/I. The concentra- 
tions of the other forms were as follows: C: 155 mg/I, B: 62 mg/1, D: 28 mg/I and G: 29 mg/I. 

[0035] The mixture of cyclosporin forms was isolated and purified as follows: 4.5 1 of the fermentation broth was fil- 
tered and the culture was extracted twice witii 1 I of metiianol. The extracts were pooled and concentrated under vac- 

30 uum. From the residue, tiie cyclosporins were extracted twice with 300 mi of ethyl acetate. The ethyl acetate solutions 
were combined and dried with sodium sulphate. The solution was further concentrated and the residue vras dissolved 
in 1 00 ml of toluene. The solution was appHed onto a column (5 cm x 40 cm) filled with 200 g of silica gel (l\/1erck, 0.063 
- 0.2 mm) In toluene. The column was eluted with a mixture containing toluene and acetone in a proportion of 4:1 . The 
fractions containing pure cyclosporin A were collected for the furttier treatment (analysis with TLC plate. Weselgel 60 F 

35 254, developing solution hexane/acetone 1:1. detection with iodine vapour). The pooled fractions were concentrated 
and cyclosporin A was crystallized from ether-hexane. The yield was 4.5 g. The mp. of cyclosporin A was 139-140 °C 
and optical rotation -189° (0.5 MeOH). 

Example 2 

40 

[0036] The spore and mycelium inoculum was made as in the Example 1.1 ml of this suspension was used to inoc- 
ulate 50 ml of tiie nutrient medium (E2) in a 200 ml erienmeyer flask. 
[0037] The composition of precultivation medium E2 



maltose 


40 g 


ammonium sulphate 


5g 


cottonseed meal 


10 g 


potassium dihydrogen phosphate 


ig 


magnesium sulphate 


0.5 g 


H2O 


ad 1 1 



[0038] The mixture was sterilized for 20 min at 121 "C. 

[0039] The culture was incubated at 25 •'C on a shaker (230 rpm) for 2 d. after which the precultivation solution (50 
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ml) was transferred in sterile conditions irtto 5 1 of the production medium CT2) in a 10 I femientor. 
[0040] The composition of the production medium T2 



glucose 


10 g 


maltose 


10 g 


sucrose 


60g 


cottonseed meal 


10 g 


cottonseed oil 


5g 


ammonium sulphate 


5g 


potassium dihydrogen phosphate 


ig 


magnesium sulphate 


0.59 


H2O 


ad 1 1 



f00411 The mixture was Sterilized for 20 min at 121 "C. _ , 

S for 5 days (120 hours), whereupon the corKentration of cyclosporin A was U10 mg/l The amounts of 
Sclfsporin in me culture solution were n^nHored throughout the cultivation with HPLC (Isaac e, a,., supra). The con- 
centrations of the other forms were as follows: C: 13S mgfl, B: SO mg/l, Q and D: 30 mgfl. 
[0043] Cyclosporin A was purified as in the Example 1 . 

Comparative examples 

r00441 Exoeriments were performed to compare in even condHions the cyclosporin A producHoi rate of the fungal 
S 7o/JSr» SJns (ATCC 3T921) and TCypocladium sp. l^A3 (CBS 630.92) of the present .nvan- 

{oM51 Example A. A cultivation was performed according to Agathos. S. N. ef al. (J- Industrial Microbiology 1 , 39- 
£ 1986) in SSM medium using 3% of sorbose (wA/). According to the reference the preculth^aton fme of 3 days and 

the production cultivation time of 10 days were used. 
[0046] The results were as follows: 



Tolypocladium inflatum Gams 


Amount of Cyclosporin A 


Dry weight g/l 




11.75 




11.30 




9.25 



[0047] The growth was good but the amount of Cyclosporin A produced remained hardly detectable. 



Tolypocladium sp. LeA3 


Amount of Cyclosporin A 
mg/l 


Dry weight g/l 


Spec. prod, mg/g 


212.5 


8.35 


25.45 
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(continued) 



Tolypocladium sp. LeA3 


Amount of Cyclosporin A 
mg/! 


Dry weight g/I 


Spec. prod, mg/g 


214.0 


7.80 


27.44 


249.5 


6.80 


36.69 



10 [0048] The mean value of the spedf ic production rate is 29.86 mg/g. 

[0049] Example B. A second cultivation was performed according to Margaritis, A, et ai (Biotech. Letters 1 7(1 1), 
765-768, 1 989) in 3% fructose medium. According to the teaching of the reference the strains were precultivated for 3+2 
days and the production cultivation of 8 days was performed under pH-control. 
[0050] The results were as follows: 



Tolypocladium inflatum Gams 


Amount of CyA mg/l 


Dry weight g/I 


Spec. prod, mg/g 


107.0 


11.80 


9.07 


116.5 


11.60 


10.04 


81.5 


11.15 


7.31 



[0051] The mean value of the specific production rate is 8.81 mg/g. 



Tolypocladium sp. LeA3 


Amount of CyA mg/l 


Dry weight g/I 


Spec. prod, mg/g 


342 


10.50 


32.57 


329 


14.95 


22.01 


318 


17.10 


18.60 



<o [0052] The mean value of the specific production rate is 24.39 mg/g. 

[0053] Example 0. A third cultivation was performed as above in Example 1 , the pre-cuftivatlon time being 2 days 
and the production cultivation time 6 days (144 hrs). 
[0054] The results were as follows: 



Tolypocladium inflatum Gams 


Amount of CyA mg/l 


Dry weight g/1 


Spec. prod, mg/g 


74.5 


59.80 


1.25 


88.0 


63.30 


1.39 


69.0 


61.05 


1.13 



55 

[0055] The mean value of the specific production rate is 1 .26 mg/g. 
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Tolypocladium sp. LeA3 


Amount of CyA mg/1 


Dry weight g/l 


Spec. prod, mg/g 


1393.0 


78.00 


17.86 


1418.0 


75.75 


18.72 


1336.5 


75.15 


17.78 



[00561 mean value of the specific productran rate ,s mg^g _ determinations. 

00571 The results for each parallel cultivaton are S^'e" as ^ me^ ^^^fypocladium sp. LeA3 (CBS 

00581 Consequently, the results obteined show cle^^ Tc^o^ A fs measur^ in milligrams of CyA per 
630.92) produces in all three media tested superior a'^""^ °' ^^'^f LewTthe present irwention produces 
litre of culture medium. Especially the th.id cultn,at.on f ^^^^^ in all of the media tested, but 



Deposited microorganisms 



Microorganism 


Deposition number 


Deposition date 


Tolypocladium sp. LeA3 


CBS 630.92 


December 7. 1992 



Claims 

Cy^sS^ A is produced, and isolating and purifying the Cyclosporin A produced. 

2. The process according to daim 1 wherein the culturing is conducted at a temperature of 20 - 30 "C. 

3. The process according to daim 1 wherein the nutrient medium contains molasses and soya meal. 

4. The process according to daim 1 wherein the nutrient medium contains sucrose and cottonseed meal. 

5. A biologic^ly pure culture of the strain Tofypa^^iun, sp. LeA3 deported by the Centraalbureau voor Schimmei- 
cultures under the accession number CBS 630.92. 

PatentansprQche 

ten Cyclosporins A. 

2. Ver.ahrengem.ssAnsprucht.beidemdieZ0chtungbeieinerTemperaturvon20bis30.Cdurchgefahrtwird. 

3. Verfahren gemass Anspruch 1. bei dem das Nahrmedium Melasse und Sojamehl enthaft. 
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4. Verfahren gemass Anspruch 1 , bei dem das Niahrmedium Saccharose und BaumwoHsamenmehl enthaft. 

5, Biologisch reine Kultur des Stammes To/ypocladium sp. LeA3. der bei dem Centraalbureau voor Schimmelcultures 
unter der Hinterlegungsnummer CBS 630.92 hinterlegt worden ist. 

Revendications 

1 . Proc6d6 de pr6paration de cyclosporine A, comprenant la mise en culture de la souche Tolypocladium esp. LeA3, 
enregistr6e par le Certtraalbureau voor Schimmelcuttures sous le num6ro d*entr6e CBS 630.92, dans un milieu 
nutritif. jusqu'^ production de ladite cyclosporine A, puis I'isolation et la purification de la cyclosporine A produite. 

2. Proc6d6 selon la revendication 1 , dans lequel la mise en culture est r6alis6e k des tenp6ratures entre 20 et 30 *C. 

3. Proc6d6 selon la revendication 1 . dans lequel le milieu nutritif contient de la m^lasse et de la farine de soja. 

4. Proc6d6 selon la revendication 1 , dans lequel le milieu nutritif contient du saccharose et de la ferine de graines de 
coton, 

5. Culture biologiquement pure de la souche Tolypocladium esp. LeA3, enregistr6e par le Centraalbureau voor 
Schimmelcultures sous le num6ro d'entr6e CBS 630.92. 
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